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Nowadays, cross-country ski races are won by very small margins that can be
determined by the equipment. For instance, athletes have to choose between
multiple pairs of skis before each race. This choice can be challenging as marginal
gains between skis can be difficult to perceive by athletes or wax technicians. This
is why it is important to develop a machine giving quantitative data on skis such
as the friction coefficient. This paper presents the design of such a machine.
The friction coefficient of a ski depends on where the measurement is taken and
what load is applied as the ski camber has a specific pressure distribution curve
along its length [1]. An effective friction coefficient for the whole ski is sought for
comparing skis at the same load. This effective friction coefficient (1) can be seen
as a mean coefficient () under a ski of length L, where Fn and Ff are the normal
force (load) and the frictional force as presented in the following equation.

µ=

1 L Fn
dx
L ∫0 Ff

(1)

Furthermore, selecting the best classic skis is challenging because this technique
is characterised by a gliding phase (kinetic friction) but also by a kicking phase
(static friction). These phases are very different in terms of pressure applied by
the skier, but mostly by the way they need to be optimised. The gliding phase
needs the lowest possible friction and the kicking phase needs higher friction.
The concept design of the ski testing machine will be a traction unit pulling an
instrumented sled fixed on a pair of skis as shown in figure 1. The machine
consists of a motor connected to two different drums which can satisfy both
testing situations. A load cell will be fixed at the junction of the sled and the cable
to measure the horizontal force generated. Different load cells are used for
gliding test and kicking test because of the very different friction force (Ff)
expected. It is of the utmost importance to get a precise force measurement as
variation of 0.001 in the friction coefficient can have a major outcome in a race
[3]. The small normal force variation (Fn) caused by the dynamics of the tests is
also measured with another load cell to increase the precision of the effective
friction measurements. Loads ranging from 45 kg to 200 kg will be tested for the
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kinetic friction as compared to up to 450 kg for static friction. The latter mimics
the load generated by a 90-kg skier putting up to 2.5 times his body weight on a
single ski while “kicking” [1]. Since velocity can affect the kinetic friction, different
velocities going up to 35 km/h for lighter loads will be tested [2]. The effective
coefficient of friction for gliding tests is expected to vary from 0.01 to 0.08. For
kicking tests, the coefficient of friction will be in a range between 0.15 to 0.30 [1].
"GLIDING TEST"
- up to 35 km/h
- up to 200 kg
- Ff expected from 10 to 160 N (±0.1 N)
Datalogger with
1 kW motor
wireless communication
Stackable weights
Load cell (gliding)

"KICKING TEST"
- 1.67 mm/s
- up to 450 kg
- Ff expected from 210 to 1325 N (±1 N)
TRACTION UNIT*

Motor drive
Central datalogger
Load cell (kicking)

3mm dyneema rope
groomed tracks
~60 m

High-speed/Low-torque
300 mm diameter drum
*GLIDE and KICK cannot be used simultaneously
(100 turns)
Load cell (vertical)

groomed tracks
~2 m

Low-speed/High-torque
40 mm diameter drum
(17 turns)

Figure 1: Ski testing machine design and parameters for both testing situations.

The ski testing machine is also easily movable to test skis at different race
locations or different parts of the same race course. It is well documented that
snow parameters such as temperature, relative humidity and snow hardness can
play a major role on the friction coefficient [2]. Those parameters can often
change at a given site, this is why skis need to be tested in situ.
With the proposed machine, athletes will be able to compare their skis with
quantitative data and wax technicians will be able to test different glide or kick
waxs with high precision. It is also expected to be useful in pre-season for the ski
selection from manufacturers. With the precision given by the machine, for both
kinetic and static coefficients of friction, athletes will also be able to take well
informed decisions on the compromise between glide and kick. This has the
potential to greatly improve current testing methods based on feelings or non
repetitive glide tests. Preliminary results will be presented at the conference.
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